b s t r a c t
The developing brain is formed through an orchestrated pattern of neuronal migration, leading to the formation of heterogeneous functional regions in the adult. Several proteins and pathways have been identified as mediators of developmental neuronal migration and cell positioning. However, these pathways do not cease to be functionally relevant after the embryonic and early postnatal period; instead, they switch from guiding cells, to guiding synapses. The outcome of synaptic guidance determines the strength and plasticity of neuronal networks by creating a scalable functional architecture that is sculpted by cues from the internal and external environment. Reelin is a multifunctional signal that coordinates cortical and subcortical morphogenesis during development and regulates structural plasticity in adulthood and aging. Gain or loss of function in reelin or its receptors has the potential to influence synaptic strength and patterns of connectivity, with consequences for memory and cognition. The current review highlights similarities in the signaling cascades that modulate neuronal positioning during development, and synaptic plasticity in the adult, with a focus on reelin, a glycoprotein that is increasingly recognized for its dual role in the formation and maintenance of neural circuits.
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The formation of spatially heterogeneous structures relies on a complex series of cell autonomous and extrinsically determined signaling events. Extrinsic determinants include chemoattractants, as well as repulsive guidance cues, and positional signals that direct lamination of cortical and subcortical structures. The extracellular matrix glycoprotein reelin promotes appropriate laminar organization of cortical and subcortical regions, but its actions are not limited to the developmental period. Reelin also promotes appropriate morphogenesis of the dendritic arbor, and eventually transitions to regulating motility at spines, the predominant sites for excitatory neurotransmission, in the adult brain. The role of reelin signaling in neurons therefore undergoes a developmentally regulated switch from guiding cells, to guiding synapses, and thereby regulates plasticity over the lifespan.
This review draws parallels between mechanisms for reelin signaling during development, maturity, and senescence, in order to better understand how reelin contributes to the underlying mechanisms for memory and cognition. The receptors and downstream signaling targets for reelin signaling during development are highlighted in terms of their potential relevance for understanding reelin actions in the adult and aging brain. We also discuss epigenetic regulation of reelin expression, as the reelin promoter is a target for multiple modifications with potential consequences for reelin gene transcription. Given recent data indicating that interruptions in reelin signaling occur during age-related cognitive impairment and Alzheimer's disease (Stranahan et al., 2011a; Chin et al., 2007) , pharmacological modulation of the reelin pathway may prove to be a therapeutically viable approach to prevent cognitive decline and neuropathology.
Binding partners for reelin in the developing brain
Reelin binds to two receptors, the very-low-density lipoprotein receptor (VLDLR) and apolipoprotein E receptor 2 (ApoER2). Binding to either receptor induces tyrosine phosphorylation of intracellular disabled-1 (DAB1) by the Src family kinases Fyn and Src (Kuo et al., 2005;  for review see Bock and Herz, 2003) . Tyrosinephosphorylated DAB1 associates with several adaptor proteins including non-catalytic region of tyrosine kinase adaptor protein 1 (Nck1), proto-oncogene Crk (Crk), and avian sarcoma virus CT10-homolog-like (CrkL) (Pramatarova et al., 2003; Huang et al., 2004) . Each receptor coordinates distinct aspects of neuronal positioning (Hack et al., 2007) , with a specific role of ApoER2 in stabilization of the leading process (Förster et al., 2010) . Reelin signaling via ApoER2 represents an obligatory element in appropriate morphogenesis of cortical and subcortical structures.
The mutant mouse reeler lacks reelin, resulting in perturbation of the normal inside-out lamination of the cortex. Instead, cortical neurons are roughly layered in an outside-in birth order and the lamination of the cells in the hippocampus and cerebellum is
